(ii) The right infra-hepatic space is synonymous with Rutherford Morrison's kidney pouch. Its upper border posteriorly is formed by the lower layer of the coronary ligament. In front of it lies the liver and the gallbladder, while below it communicates with the right paracolic gutter.
THE diagnosis of subphrenic abscesses can be notoriously difficult. This fact is well expressed by the well known aphorism: 'Pus somewhere, pus nowhere else, pus under the diaphragm'. Even more puzzling can be the features when complications, which occur relatively f.requently, dominate the clinical picture. The situation of the subphrenic spaces, hidden under the rigid concavity of the ribs and therefore inaccessible to palpation, is mainly responsible for the paucity of obvious clinical signs. The purpose of this article is to stress the not so infrequent bizarre presentation of subphrenic suppuration and draw the clinician's attention to this hidden area.
Anatomy
A knowledge of the anatomy of the subphrenic spaces is essential in the management of these cases. The subphrenic region is generally considered to lie between the diaphragm above and the transverse colon and mesocolon below. These spaces have been variously described (Barnard, I908; Mitchell, 1940; Harley, 1949; Wooler, 1956) , but Harley's (ii) The right infra-hepatic space is synonymous with Rutherford Morrison's kidney pouch. Its upper border posteriorly is formed by the lower layer of the coronary ligament. In front of it lies the liver and the gallbladder, while below it communicates with the right paracolic gutter.
EXTRAPERITONEAL
This space lies between the two layers of the coronary ligament and therefore is in contact with the bare area of the liver.
The Left Subphrenic Spaces I. INTRAPERITONEAL (i) The left supra-hepatic space lies above the left lobe of the liver and is limited behind by the upper layer of the left triangular ligament, while in front, over the edge of the liver, it communicates with the left anterior infra-hepatic space.
(ii) The left anterior infra-hepatic space is situated below the left lobe of the liver and in front of the lesser omentum and stomach. Wooler (I956) points out that the left lobe of the liver and the left triangular ligament lie near the centre of the abdomen and that there is therefore a wide communication between the supra-and the infra-hepatic spaces.
(ii) The posterior infra-hepatic space comprises the lesser sac.
This space constitutes the areolar tissue around the upper pole of the left kidney and suprarenal and the bare area of the esophagus.
In conclusion it must be realized that all these spaces communicate with each other (Mitchell, 1940) and this explains the not infrequent occurrence of multiple space infection.
AEtiology
In go900 of cases subphrenic suppuration is 'secondary' to infection elsewhere in the abdominal cavity (Harley) . Perforated peptic ulcers, appendicitis, abdominal operations and thoracoabdominal warwounds in that order account for over 700/O of cases in that author's series. In Windsor's (1955) IOO patients, diseases of the stomach and duodenum also head the list (48%), followed by appendicitis (23%)0 while liver and biliary diseases come a close third (22%). In the older series, e.g. Barnard (I908) and Ochsner and DeBakey (I938), appendicitis is the predominant Overholt and Donches (I935) believe that in the upright position the negative pressure in the subphrenic region is greater than in the pelvis and that this results in suction of infected fluid upwards into the subphrenic spaces. Mitchell (1940) investigated the spread of intraperitoneal effusions by injecting barium emulsion into the abdominal cavity of stillborn infants. It is doubtful whether his conclusions, which differ very much from those of other authors, are valid as the conditions of the experiments were far from physiological. Gravity is another factor which will determine the collection of fluid in these spaces, as they form the lowest area in the abdominal cavity with the patient in the recumbent position. Spalding (I946) makes the point that subphrenic abscesses are known to follow appendicectomy but hardly ever complicate conservatively treated cases. He maintains that the normal upward movement of fluid into the subphrenic spaces is accelerated by the presence of a pneumoperitoneum which alters the intra-abdominal pressure differences. It is far more likely that the pneumoperitoneum opens up the subphrenic spaces. The following case illustrates the harmful effects of a pneumoperitoneum.
Case No. 2. W. J., a 6o-year-old housewife, treated since 1953 for pulmonary tuberculosis with antituberculous chemotherapy and phrenic crush and pneumoperitoneum. Sputum in I96I was still positive on culture and resistant to most of the anti-tuberculous drugs. In November i96i she developed appendicitis and a gangrenous appendix was removed; pelvic peritonitis was noted at the time of the operation. She developed a right supra-hepatic subphrenic abscess (Fig. 5 ) which was treated conservatively with antibiotics frorm November I96I to February I962. This was ultimately drained after it had perforated into the chest. The patient died, drowning in pus which spilled over into both bronchial trees.
Comment. The presence of the pneumoperitoneum predisposed to subphrenic infection. The abscess should have been drained when it became established. A tracheostomy at the time of drainage of the abscess might have saved the patient.
Location of Subphrenic Abscesses
The majority of abscesses occur on the right side, while in a quarter of the cases recorded by various authors the left-sided compartments were involved (Ochsner and DeBakey, I938; Neuhof and Schlossmann, 1942; Harley, 1955) . In about half of the cases the right supra-hepatic space is infected (Harley, I955; Wetterfors, 1959 Wetterfors, 1959) and carries an approximate mortality of 50% (Harley, 1955; Windsor, I955 (Fig. 7) . Comment. This patient had a multiple space infection which was not realized on the first admission, one space only being drained.
Complications
Serious complications can and frequently do occur in the abdomen or chest, or both, as a result of subphrenic suppuration. Not only is the incidence of such complications as high as 6o, but they also carry the mortality of 50%. Delay in the institution of effective treatment is largely responsible for the high incidence of complications. Wetterfors (1959) denies that the time factor plays a part. It is, however, well known that any long-standing abscess has a tendency to spread and burst into neighbouring structures and this applies even more so to subphrenic abscesses.
Intrathoracic Complications
The majority of these follow infection of the supra-hepatic spaces. dyspnceic. There were signs suggesting fluid in the right lower chest. The previous laparotomy wound had a sinus which was discharging pus. Chest radiograph: There was air and fluid in the right chest, the diaphragm was raised and there was some consolidation in the right midzone. Aspiration of the chest confirmed the presence of an empyema. Drainage of the empyema was carried out under local anxesthesia. A sinogram through the abdominal sinus revealed that the anterior supra-hepatic abscess communicated with the posteriorly situated empyema space via a small perforation in the diaphragm (Fig. 8) (Fig. io) through the previous subphrenic drainage site confirmed the communcation between the abscess and the pericardium. After improvement in the general condition of the patient further exploration revealed a right supra-hepatic and a left anterior infrahepatic abscess. Ultimately after another attack of obstructive jaundice, the common bile duct was reexplored and was found packed with gall-stones, which were removed. The patient made a complete recovery.
Comment. In this case not only was the presence of a multiple space infection overlooked, but also the right anterior supra-hepatic abscess was inadequately drained. Changes in the lung in the form of basal congestion, basal atelectasis or patchy areas of consolidation are often present. Harley found that there was frequently a triangular area of pulmonary collapse which was to be seen extending upwards and backwards in the paravertebral gutter towards the hilum. T%he mediastinum, however, in spite of the presence of atelectasis was often displaced to the opposite side because of the elevated diaphragm.
Diaphragmatic Findinzgs
Elevation of the diaphragm is a frequent finding with supra-hepatic abscesses, but may also be seen with liver abscesses. The lateral film will often give information about the site of the abscess, as the most elevated portion of the diaphragm directly overlies it. On the left side a raised diaphragm is less constant because of absence of the liver and the relative mobility of the abdominal organs on that side. Screening will reveal loss of mobility. Neuhof and Schlossmann (I942), who made a special study of left-sided subphrenic abscesses, state that on this side paresis often precedes elevation. Other features which should be looked for are loss of definition, thickness and tenting of the diaphragm. These changes are due to the inflammatory reaction of the diaphragm, its pleura and the overlying lung. An immobile diaphragm with gas underneath it is frequently seen after laparotomy, but in these cases its leaf is sharply defined and thin, nor will the raised diaphragm often seen in uncomplicated amobic liver abscesses be found to be thickened.
Subphrenic Findings
In approximately 3000 of cases air with or without a fluid level is visible under the diaphragm (Ochsner and DeBakey 30°0, Harley 28%, Windsor 32%). The origin of the gas in subphrenic abscesses can be attributed to the following causes: perforation of a hollow viscus, air admitted at the time of laparotomy, or communication with a bronchus. The often-quoted gasforming organisms are probably never the source of it. For detection of gas under the diaphragm the penetrated basal film is of special value. Sometimes it is only visible in the lateral film.
On the left side it may be difficult to distinguish a subphrenic collection of air from gaseous distension of the bowel or the gas bubble in the stomach. In this case the lateral recumbent radiograph may be of help, because air and fluid in the peritoneal cavity will shift laterally and downwards. A barium meal will also differentiate gas in an abscess from the stomach bubble and furthermore may show indentation or displacement of the stomach by a huge abscess. Downward displacement of the liver may be obvious in the penetrated film of the upper abdomen, but a similar finding is often found with intra-hepatic abscesses. Lilienthal (I937) and Sante (1940) recommend the induction of a pneumoperitoneum to assist in localizing and diagnosing an abscess in cases of doubt. Harley, however, considers that this practice is associated with a considerable risk of spread of the infection in the acute phase and advises its use only in the chronic cases.
Diagnostic Aspiration of Subphrenic Abscess
This diagnostic procedure is only mentioned to condemn it. If pus is obtained the pleura is liable to be infected and if the aspiration is negative, pus may still be present. It has therefore nothing to offer, but may add further complications. Aspiration of the pleura, however, is indicated in every case where an empyema is suspected. Therefore, after careful clinical and radiological examination, an exploratory operation has much more to commend it than diagnostic needling.
Treatment
In many instances infection of the subphrenic area probably resolves spontaneously, especially as antibiotics are nowadays used routinely in the postoperative period. In been repeatedly substantiated by various authors (Table i) , the transpleural approach has again been recently recommended by some (Wooler, I956; Boyd, 1959) . This statement holds true now. Furthermore the majority of abscesses can be drained by the posterior extra-serous approach which they describe so well in their paper. The exception are those abscesses which either point anteriorly or which are situated in the lesser sac. These are best approached by the anterior extra-serous approach first described by Clairmont and Ranzi (I905).
The Posterior Extra-serous Approach This was first described by Nather and Ochsner (1923) and by this approach all posteriorly situated abscesses can be drained without transgressing a virgin pleural or peritoneal cavity en route to pus. This includes most of the suprahepatic abscesses as they present themselves more often posteriorly and can therefore be reached through the bare area (Fig. I2 ). An oblique incision is made in line with and over the twelfth rib. This incision is carried down to the periosteum of the rib and the latter is resected subperiosteally. An incision is then made transversly across the rib-bed, extending from, or at the level of, the transverse process of the first lumbar vertebra laterally (Fig. I3) . The pleura never extends below this level and is thereby avoided. The upper part of the peri-renal fascia will be exposed and is displaced downwards with blunt finger dissection. The finger then explores the A high subcostal muscle cutting incision is made. On reaching the parietal peritoneum one dissects extra-peritoneally until the indurated area is felt, through which the abscess can then be opened. An abscess in the lesser sac is best approached by a paramedian incision.
Postoperative Management
In the immediate postoperative period the drainage tube is best connected to an underwaterseal bottle as this will save repeated dressings. Once the discharge has become less, the tube is allowed to drain into the dressing, but it must not be shortened until sinograms have shown that the abscess cavity has contracted down to a mere track. This process may take a very long time indeed. Premature shortening or removal of the tube will only lead to loculation of the abscess cavity.
Once adequate drainage has been instituted, the appropriate antibiotics are given and any anemia corrected by blood transfusion. A constant watch should be maintained for further extension of the infection or development of intrathoracic complications. Repeated white cell counts and chest radiographs will give further information about the progress. 
